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Abstract 
The spatial heteromorphy indication of /(cni/oidea-communities was studied in 1983-84 on the 
basis o f observations of dish-trap groups placed at 12 representative points o f sandy grassland 
mosaic-complex. 
The habitat points similar in their vegetational succession stage are also qualified as being of great 
similarity by the grashoppers. Grashopper communit ies plastically react to the changes in heteromorphy. 
The changes in their indication patterns is brought into connection with abiotic conditions as well as 
with the changes in individual number. 
The diversity-studies refer to the patchily changing organization and the variable patterns o f 
structures o f communities. 
The obtained results were compared with those of gained from previous Barber-trap method. These 
showed good correlation in general, despite the relative frequency is effected by the differences between 
the two methods. 
Key words: Acridoidea, community structure, succession, indication o f heterogeneity 
Introduction 
The grashoppers generally form significant herbivore guilds in the grass 
biocenoses (see A N D R Z E J E W S K A and G Y L L E N B E R G , 1980 as a review). Their signifi-
cance is particularly great at the dry grasses of the Southern Grea t Hungar ian Plain 
(GAUSZ, 1971-72), this gives reason for their detailed ecological processing at these 
habitats . 
In this respect, it is found part icularly impor tan t to study the effects of the 
changes — e.g. successional — taking place in the characteristics of the habi ta t 
exerted on its popula t ions and communi t ies . T o decide the question it is evidently 
not enough to explore the Acridoidea popula t ions and communit ies at synphenobi-
ological level; it is also necessary to gain knowledge on the ecological background 
— first of all the vegetational characteristics (cp. C A P I N E R A and SECHRIST , 1982; 
E V A N S et al. 1983; M O N K , 1985, etc.). 
T h e sandy plain belonging to the Kiskunság Nat ional Park — which is presently 
under complex ecological explorat ion (GALLÉ et al. 1985a, 1985b) — has favourable 
fundamenta l s fo r studies on the above-ment ioned problem. 
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The principle question of our present paper is the examination of the similarities 
and dissimilarities between plant- and Acridoidea<omm\inilies in the communi ty 
level reaction to spatial heteromorphy („heteromorphy-indicat ion") . 
This was achieved in two ways. On the one hand, studies were per formed on 
the ..fine gra ined" and „coarse gra ined" behaviour of the two communi ty types, on 
the basis of the similarity of the samples originating from the various patches. On 
the other hand, the diversity-relations of the communities living in the various 
patches of the habitat as well as the dependence of the Acridoidea diversities on the 
vegetational diversity were analysed. 
The relationship between diversity and spatial heterogeneity has been pointed 
out by M U R D O C H et al. ( 1 9 7 2 ) . S O U T H W O O D et al. ( 1 9 7 9 ) have called a t tent ion to 
the connection of the diversity changes in the plant- and insect-communities, in the 
different stages of secondary succession. The diversity of specifically grashopper-
communit ies has been studied by P F A D T ( 1 9 8 2 , 1 9 8 4 ) . 
Materials and methods 
1 . C H A R A C T E R I Z A T I O N O F S A M P L I N G AREA 
The area chosen for studies is a 2.4 ha of the Bugac sandy grassland belonging to the Kiskunság 
National Park, not being grazed since 1976. Its surface is heteromorph. containing 2 - 3 m high sand-hills 
and wind-furrows dissecting them. Beyond the surface heteromorphy. the heterogeneity of the vegetation 
is also due to a secondary successional process resulted by the cessation o f grazing. The plant-association 
reflecting the effect o f grazing, the Polenlillo-Fesluceium pseudovinae. is the starting-point o f a succession 
having two trends dependent on height of (he habitat part in question. On the sand-dunes representing 
the higher level it turns into natural, open sandy grassland. Festucetum vaginalae danuhiale. while into 
the closed, higher grassed Molinio-Salicetum association in the lower, more humid wind-furrows. 
The initial stages of artificially induced (watering, removal of upper soil layer) successional processes 
were also studied at plots established for the purpose o f field experiments. 
2 . S A M P L I N G METHODS 
Barber traps and dish-traps were used for the continuous studying of the insect-communities of 
the sample area. The results of the studies performed with Barber-traps have been reported on elsewhere 
(GALLÉ et al. 1985a. 1985b). in the present paper they are used for comparison. 
The dish-traps were plastic vessels o f 15 cm diameter and 6 cm height. These were placed in groups 
o f five at 12 points of the sample area, lowered 2 cm deep in the soil. Ethylene-glycol was applied as 
killing-agent and the collections were repeated in two weeks' intervals. The traps functioned from May 
till October in the years 1983-84. 6971 individuals were sampled in 1983. and 2521 in 1984. 
In 1983, the composition and total coverage of the vegetation, as well as the relative frequency of 
the various species were determined in a 2 x 2 m district in the area of the traps. 
3 . PROCESSING METHODS 
The similarity between the various sampling points was determined by cluster analysis o n the basis 
of the Renkonen and Czekanowski indexes. The ..coarse grained" and ..fine grained" behaviour, rcsp.. 
are characterized by the average o f the similarity indexes (C) and their coefficients of variation Sc/C 
(GALLÉ et al. 1985b). 
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The Shannon funct ion was applied for measuring diversity, and the dominance-diversi ty curves 
based on the species-individual distribution were a l so applied for the further characterisation o f the 
community-structure. 
In every case the correlation studies were carried out on the basis o f the linear (L) . logarithmic 
( L O G ) , exponential (EXP) and power index ( P O W ) functions. 
Results and discussion 
I . H A B I T A T S 
Vegetation types found at the sample are shown in Table 1. Signs in the Table: 
The relation signs refer to the dominant plant-communities at the places with mixed 
stand. The fine deviations in the different patches are demonstrated by the indication 
of the species participating to a considerable degree in the coverage (CY: Cynodon 
daclylon; ME: Medicago minima; CA: Carex liparicarpos\ EU: Euphorbia sequier-
iana: SE: Sedum acre; GA: Galium verum). The point labelled F V / P F P / < S E 
represents a habitat of characteristic composit ion, where the Sedum acre appears 
with higher individual number than the Festuca. The dominat ing species at the 1. 
and 2. sampling site being close to pr imary successional stage is the Euphorbia 
sequieriana (EU) in one case, and the Cynodon dactylon (CY) in the other. According 
to the total coverage values the joint characteristic of the listed sites (with the 
exception of the two MSR variants) is the relatively low surfaced coverage, ranging 
between 0.3-0.6. 
Table I. Vcgctational data of the sampling sites 
Serial C o m m u n i t y Coverage Space-level Experimental 
Number type Difference effects 
1. E U 0.15 1 removal of upper 
2. C Y 0 .30 + + J soil layer in 1981 
4. P F P 0 .30 + + ; 
3. P F P > F V 0 .30 + + + 
12. P F P > F V ( C Y ) 0.50 + + 
11. F V > PFP 0.35 + + -, watering 
10. F V > P F P ( C A ) 0.45 + 1 | isolated 
9. F V > P F P ( M E ) 0.65 + f \ in 1984 
5. F V ( P F P ) < S E 0.50 + + + J J 
7. F V > P F P ( C Y ) 0.60 + + 
6. F V > P F P 0.20 + + 
8. F V > E U 0.40 + 
13. M S R ( G A ) 0.95 -
14. M S R ( C Y ) 0 .95 -
The number of + signs increases with the raise o f the space-level. 
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2 . H A B I T A T - H E T E R O M O R P H Y I N D I C A T I O N 
Fig. 1. shows the dendrogram of the cluster analysis between the sites carried 
out on the basis of the percental coverage values of the plant species. It can be seen 
that the similarity levels of the dendogram link the habitats having Fesiuceium 
vaginatae (FV) dominance into groups similar in 72-86, and 73-76%, resp. The 
looser linkage of the FV/PFP/ < SE type habitat is due to its characteristic vegetation. 
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Fig. I Dendrogram of the vegalat ion according lo R c n k o n e n similarity analysis. 
The segregation of the group of P F P and P F P > - l i k e patches, and their lower 
(51-76%) similarity are well reflected. The characteristic vegetation of the nearby 
primary succession- (EU and CY) and Molinio-Salicetum (MSR)-type habi ta ts is 
expressed in the low leveled similarity relationships (13.6 and 17.3%, resp.). 
Therefore, the clusters of the dendrogram form groups according to the 
successional stages of the area. The majority of the sample sites of the present study 
represent a series of successional states being prior to the development of the 
sand-dunes, seminatural grassland of the Fesiuceium vaginatae, and the habi tats of 
lower level included in the study in 1984 show patterns already segregated f rom the 
P F P - > M S R transition, which have reached a later successional stage. 
The spatial heterogeneity qualification of the Aeridoidea-commumties in the 
above-mentioned habitat-combination was also studied by cluster analysis, both in 
1983 and 1984 (Figs. 2 and 3). Distribution similar to that gained for the plants was 
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3. Dendrogram of /4cr/<fo/<fe<i-communitics according to Renkonen similarity analysis in 1984. 
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only partially observable between the habitats on the basis of grashoppers . Even 
the grashoppers make distinction at places where there are greater differences in 
vegetation or height — e.g. segregation of MSR and primary succession-close ( E U 
and CY) habitats — but contrary to the plants, the similarity relations are of higher 
level here. too. 
Accordingly, the similarity analyses refer to the fact that the grashoppers regard 
the habitat more homogeneous than the vegetation. This is well reflected by the 
elemental means of the similarity matrices (C) as well as the variational coefficient 
values Sc/C. Namely, it is evident that the finer indicational sensitivity, the realization 
of the ..coarse grained response" is indicated by the lower similarity average and 
higher variational coefficient. 
During the course of the similar evaluation pertaining to the Ba rbe r - t r ap 
recordings (GALLH et al. 1985b) it was manifested that the vegetation has better 
indicational ability compared to the animal communities, since the highest variational 
coefficient value was obtained for the vegetation(S c /C = 1). This is confirmed by the 
present analysis (Table 2). 
Table 2. Similarity averages and variational coefficients calculated from the Renkonen similarity matrix 
of the vegetation 
c S c / C 
Dish trap : 1983 35.77 0.74 
1984 24.31 1.15 
Barber trap : 1981 26.00 1.00 
The deviation between the years 1983 and 1984 is caused by the fact that in 
1984 two Molinio-Salicetum-cowered patches were included in our studies, being of 
extreme character compared to the previous ones, and this is evidently apparent in 
the similarity means. 
The grashopper communities and their seasonal changes were also studied by 
similar technique. Besides the da ta of the Renkonen similarity matrices, the C and 
Sc/C values were analysed according to the Czekanowski method as well. Since there 
is only slight deviation between the values obtained by the two methods, only the 
result of the Renkonen analysis is demonstrated (Fig. 4). 
The deviations for 1983 and 1984 in the heteromorphic indication are similar 
to those of the vegetation here. too. and can with all probabili ty be traced back to 
the previously mentioned causes. 
According to Fig. 4. differences are demonstrable in the C and Sc/C values. As 
there are also differences in the individual numbers collected th roughout the two 
years, this raises the possibility of the density-dependence of the he te romorphic 
indication. The data of the Barber- t rap recordings are suitable for s tudying this 
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Fig. 4. Averages and variational coefficients o f the Renkonen similarity indexes of Acridoidea-commu-
nities in the time-periods o f the dish-trap samplings. 
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Fig. 5. Changes o f the variational coefficient values in the function o f the total individual numbers of 
the dominant species (Euchorih ippus and Callipiamus) in the years 1980-83. on the basis of 
Barber-trap recordings. 
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Fig. 6. Changes of the variational coefficient values in the function of the total individual numbers o f 
the dominant species ( E u c h o r l h i p p u s and Calliplamus) in the sampling t ime-points o f the 1983 
dish -trap collecting. 
quest ion, because the results of 4 years are at disposal for compar i son . The 
relat ionship between density and he te romorph ic indicat ion is unambiguous ly 
negative here (Fig. 5). The changes in seasonal density, which may be es t imated on 
the basis of the dish-traps, too. exert similar effect on the he te romorphic indicat ion 
(Fig. 6). 
3 . C O R R E L A T I O N O F SIMILARITY VALUES 
A fur ther possibility of study is to pe r fo rm correlat ion analysis between the 
data-pai rs cor responding to the similarity matrices of the vegetation and the 
insect-community. In such case da t a can be obta ined in respect to the similarities 
and deviations, resp., regarding the spatial he te romorphy indication of the two 
communit ies in the qualification of the similarity to each o ther of the var ious sites 
(Table 3 and 4). The linear correlat ion coefficient (L) values are indicated in every 
case, other correlat ional da ta are only shown in case they surpass the value gained 
for L. 
According to the data of Table 3. the deviat ion between the linear and non- l inear 
correlation coefficients is not significant in general . The correlat ion values a re higher 
for 1983 than for 1984. Accordingly, the correlat ion between the behaviour of the 
two communi ty types is greater in the year when the density of the g rashoppers and 
the h o m o m o r p h i c degree of the habitat is also higher. F rom the coefficients 
calculated on the basis of the Barber - t raps , the ou ts tanding value obta ined for 1982 
can be back to similar reasons (Table 4). 
Fur thermore , it was also studied what correlat ional connect ions could be 
demonst ra ted between the grashopper communi t ies at the d i sh- t rap habi ta t s between 
1983 84 and their close seasonal t ime-points (Table 5), as well as between 1980^83 
at the Ba rbe r - t r ap habi ta t s (Table 6). 
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Table 3. Correlation between the vegetation and the Renkonen similarity values o f the Acridoidea-com-
munilies. on the basis of dish-trap collecting (correlation calculated on the basis o f L: linear-, 
LOG: logarithmic-. EXP: exponential-. POW: power index functions) 
1983 1984 
VI.20. 0.44 L p < 0 . 0 0 l V.7. 0.36 L p < 0 . 0 1 
0.50 LOG 0.38 LOG 
VII.5. 0.48 L p < 0 . 0 0 l V.22. 0.48 L p < 0 . 0 0 1 
VII.19 0.56 L p < 0 . 0 0 l VI.5. 0.48 L p < 0 . 0 0 l 
0.62 LOG 
0.63 POW VI.22. 0.18 L p > 0 . 1 
VIII.8. 0.66 L p < 0 . 0 0 ! VII. 10. 0.41 L p < 0 . 0 0 l 
0.70 LOG 
0.70 POW VII.25. 0.21 L p > 0 . l 
VIII.26. 0.47 L p < 0 . 0 0 1 VII 1.9. 0.46 L p < 0 . 0 0 l 
0.48 EXP 
VIII.24. 0.20 L p > 0 . l 
IX.23 0.17 L p > 0 . 1 0.24 EXP p < 0 . l 
0.18 EXP 
0.20 LOG IX.14. 0.15 L p > 0 . 1 
0.23 POW p ~ 0 . l 
X.2. 0.13 L p > 0 . 1 
All year: 0.60 L p < 0.001 0.23 LOG p ~ 0 . l 
0.61 EXP 
0 64 LOG X.25. 0.27 L p ~ 0 . 0 5 
0.65 POW All year: 0.42 L p ~ 0 . 0 0 l 
Table 4. Correlation between the vegetation and Ihe Renkonen similarity values of the Acridoidea<om-
munitics. on the basis o f Barber-trap recordings 
1980 0 .33 L p < 0 . 0 1 
1981 0 . 3 0 L p < 0 . 0 2 
0 .32 POW p ~ 0 . 0 ! 
1982 0 .53 L p < 0 . 0 0 l 
1983 0.18 L p > 0.1 
0.21 POW p < 0 . | 
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Table 5. Correlation of the Renkonen similarity values of Acridoidea-communxucs in 1983-84 at the 
dish-trap collecting sites 
1983.VI.20. x I984.VI.22. 0 50 L p < 0 . 0 0 l 
1983.VII.I0. x 1984.VII.25. 0.51 L 
0 53 LOG 
p < 0 . 0 0 l 
1983.VIII.8. x 1984.VI11.9. 0.721 L 
0 .722 LOG 
0.728 POW 
0 .729 E X P 
p < 0 . 0 0 l 
1983 x 1984 0.81 L 
0 .82 LOG 
0.82 POW 
p < 0 00l 
Table 6. Correlation matrix of the Renkonen similarity values of Acridoidea-commun11ics on the basis 
o f Barber trap recordings 
1980 1981 1982 1983 
1980 0 .38 L 
p ~ 0 . 0 0 l 
0 .28 L 
p ~ 0 . 0 2 
0 .069 L 
p < 0.1 
1981 0.43 L 
p < 0.001 
0 .26 L 
p < 0 . 0 5 
1982 0.33 L 
p < 0 . 0 l 
1983 0 .074 LOG 
p > 0 . 1 
0.29 LOG 
p < 0 .02 
0 .34 LOG 
p < 0 . 0 l 
On the basis of the results, much higher correlational coefficients could be 
found for the sites trapped by dish-traps than at the patches where Barber - t raps 
were used. Evidently, definite s tandpoint concerning the evaluation of the correla-
tional relations would not be suitable here, either, nevertheless, we can conclude 
that there must be considerable differences in community-s t ructure in the two 
habitat- combinations, or the underpresentation of the grashopper popula t ions in 
the Barber- t raps causes stronger stochasticity in the composit ion of the collected 
material. 
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4 . DIVERSITY RELATIONS 
There are significant deviations between the diversity-changes of the plant- and 
grashopper-communit ies living at the various sites (Fig. 7). Since the insect 
community in question is herbivore, it may be striking that the Acridoidea-comm-
unities have greater diversity at patches with small plant-diversity. However, the 
analysis of these patch-types points to the fact that these possess the physical 
conditions (small surface coverage, higher relief, xe rode rmic relations) favourable 
for the xero- and geophyl species. At the same time these habitats differ f rom each 
other in respect to their successional condition. The EU, CY and P F P are habi tats 
of initial- and early-successional stage, while the FV P types are the representatives 
of natural grasses of late-successional stage. The degree to which the successional 
stage of a habi ta t may be determinant on the specics composition of the insect 
community living at it — in our case the grasshopper community — is shown by 
the following example. In both years of the dish- trap studies the geophyl spccics 
{Oedipoda coerulescens L . 1758. Oedaleus decorus G E R . 1826, Celes variabilis P A L L . 
1771) and the Dociostaurus brevicollis E V E R . 1848 of Southern distribution occurred 
with greatest individual number in the habitats of initial succession, having small 
coverage (EU and CY). On the contrary, at the natural grasses (FV P P F P and 
FV P EU) the listed geophyll species did not occur at all. or only 1-1 individual, 
and the D. brevicollis was only represented in 20 -50% of the former value. 
It is also a characteristic feature that in 1984. apart f rom the drastic decrease 
in the total individual number of the Acridoidea there was an increase in the diversity 
of the grasshoppers at every sapmled site. The presumable explanation to this is the 
change in the populat ion-rat ios accompanying the decrease in the individual number. 
Fig. 7. Diversity values of the vegetation and the Acridoidea communities at the various succession 
staged habitats, on the basis of dish trap collecting. 
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Fig. 8. Diversity values of the vegetation and (he Acridoidea communities at the Barber-trap patch-types 
in 1981. 
first of all the decreased ratio of two dominant species (Calliptamus italicus L . 1758 
and Euchorthippus declivus B R I S . 1 8 4 8 ) , and thus the increase in the evenness 
component of diversity. 
Similar diversity-relations were found earlier in the case of the Barber t rap 
studies, too (Fig. 8), since here, also a high grasshopper-diversity accompanied the 
Table 7. Correlation matrix of the diversity of vegetation and grasshopper-communities on the basis of 
the dish-trap collecting 
1 2 3 
l(Vegctation) -0 .15 L -0.21 L 
-0 .20 POW -0 .26 LOG 
2( Acrid. 1983) _ 0.83 L 
0.85 EXP 
p < 0 . 0 0 l 
3( Acrid. 1984) -
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Fig. 9 . a - f . Dominance-diversity curves at the succes ional habitats of the dish-trap collecting. 
lower plant-diversity of the Fesluceium vaginaiae (FV). An unexpected high 
grasshopper-diversity was manifested in the Brometum lecloris Secale fades (BTS) 
degraded association as well. This was striking because other insect communities 
(Cicadinea, Heleropiera, Formicoidea) showed the lowest diversity here (see G A L L É 
et al. 1985b). The divergent behaviour of the grasshoppers can probably be explained 
by the fact that the xerothermic condi t ions caused by degradation are favourable 
for this insect-group of high heat demand. 
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Fig. 10.a-d. Dominance-diversity curves at the primary- (a .b) and late-successional (c.d) habitats of the 
dish-trap collecting. 
Concluding f rom the contradictory tendencies found in the above diversity-re-
lations the result of the correlation study between the diversities is not striking (Table 
7), since in every case negative connection was experienced between the vegetation-
and Acridoidea-A\\ers\i\es. This fits well to the Barber- t rap studies, where V was 
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Fig. 1 l . a - b . Dominance-diversity curves in the associations o f lower space level. 
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diversity values of the grasshopper communities, referring to the fact that the 
vegetational background of our t r ap study can be evaluated as the habitat of 
grasshopper-groups of stable communi ty structure. 
5 . D O M I N A N C E - D I V E R S I T Y 
Beyond the diversity-relationships, the dominance-diversity curves as well as 
the slopes of their median section may provide help for the further characterisation 
of the community tructure (Figs. 9-11). The curves give good illustration of the 
community structure deviations at the 12 t rap sites. The Figures also show the 
straight lines drawn with the slopes obtained pertaining to the median section of 
the dominance-diversity curves. Their unchanged nature between the years can be 
applied for the indication of the structural stability. 
At the medial-successional Potenlillo-Fesiuceium pseudovinae community habi-
tats (Figs. 9.a-f . ) the species-richness of the vegetation is balanced, the number of 
species ranges from 7 to 11. The number of species of the grasshoppers is high 
(17-20) and at the undisturbed (non-treated) places they show rather similar 
community structure in both years. At two sampling sites, however, the unfavourable 
effect of isolation on the arrangement of the grasshopper-communities is rather 
striking, since following this per turbat ion the number of species of the grasshoppers 
decreased from 17 to 12. and f rom 19 tO 9, resp., in 1984 (Figs. 9.e-f.). At the 
P F P > FV labelled sample site the modification of the dominance-diversity curves 
for the grasshoppers and the low species number are striking, as due to the great 
similarity of the vegetation the organization of grasshopper-groups having structure 
similar to the other places transitory in succession would be expected (Fig. 9b). 
At the primary- (EU and CY) and late-successional staged habitats having 
Festucetum vaginaiae (FV > ) dominance (Figs. lO.a-d.) the number of plant species 
is 7-10 and 9-12, resp. The number of species of the grasshopper communities is 
high here, too, (14-20) however, the individual distribution shows less evenness than 
at the median-successional patches. The straight lines indicating stability show 
varying picture. 
According to expectations, the number of species of the grasshopper commu-
nities is the lowest (9-10) in the Molinio-Salicetum association (MSR). It is interesting 
that at the two collecting sites of MSR the structure of the grasshopper-groups are 
rather similar al though the composit ion of vegetation is different. 
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